Syrphid flies, Ischiodon scutellaris (Fabricius) and Episyrphus balteatus (DeGeer), are among the most common aphidophagous species in wheat growing areas of Punjab, Pakistan. Exploit predatory species efficiently in any biological control program requires an in-depth understanding of predator and prey interactions. The present study was conducted aiming to explore and compare the predatory potential of these predatory species against the wheat aphid, Schizaphis graminum (Rondani) along with their relative fitness at different temperatures in terms of duration of lifecycle stages under laboratory conditions. The shortest egg and pupal durations were observed at 33°C, followed by 27 and 23°C. Females of both species had longer life span (20.4 and 22.4 days) compared to the respective males (17.2 and 16.2 days). The pupal stage for I. scutellaris was significantly shorter than for E. balteatus at different temperatures; but statistically insignificant differences were found for any other life stage. The larvae of I. scutellaris consumed significantly more aphids (438.16) than E. balteatus (398.37) during their larval life span, and this difference was significant during the 1st and 3rd instars. However, the average daily prey intake of both species was found similar until the 10th day after hatching, and thereafter, I. scutellaris consumed significantly higher numbers of aphids/day. Obtained results may offer a baseline data for future conservation studies on biological control of aphids.
Background
The wheat aphid (Schizaphis graminum Rond.) causes significant annual losses to world wheat production (Belay and Araya, 2015) . It damages wheat crop directly through feeding on phloem tissues as well as indirectly by serving as primary vector of cereal diseases, including yellow dwarf viruses (Chapin et al., 2001) . The frequent use of insecticides poses severe threats to non-target species as well as to the environment. Hence, management strategies, using natural enemies of aphids (Cook et al., 2007) , can keep the aphid population under control, and at the same time, it will decrease dependence upon chemical compounds.
Aphidophagous flies belonging to family Syrphidae are efficient predators of wheat aphids (Gilbert, 2005) . Syrphid females lay their eggs in response to aphid density, and if their larvae hatch early in the build-up of aphid populations, they are often able to limit aphid outbreaks (Tenhumberg, 1995a, b and Smith et al., 2008) .
The two important predatory species of syrphid flies, i.e., Ischiodon scutellaris (Fabricius) and Episyrphus balteatus (DeGeer), are aphidophagous and prey on many aphid species worldwide (Sadeghi and Gilbert, 2000) . E. balteatus is commonly found in central Europe and South Asia (Tenhumberg, 1995b) , whereas I. scutellaris is commonly distributed in Asia-Oceania countries as well as in Pakistan (Pape and Thompson, 2016) . Both species are efficient predators of aphids in the natural agro-ecosystems (Steidle and van Loon, 2002) due to their high reproductive rates of females and voracious feeding potentials of their larvae (Ambrosino et al., 2007 and Almohamad et al., 2009 ).
The present study aimed to evaluate the prey potential of two syrphid species against the wheat aphid, Schizaphis graminum (Rondani), at different temperatures under laboratory conditions. The results may help in understanding the predators' capacity and survival under different temperatures.
Materials and methods

Insect culturing
More than 300 adult flies of I. scutellaris and E. balteatus were captured using sweep-nets from wheat fields at the research farms of Bahauddin Zakariya University, Multan, Punjab, Pakistan, to establish the stock cultures. After taxonomic identification and species confirmation, 10 couples of field-collected flies were released in oviposition cages (70 × 70 × 100 cm). The stock cultures were maintained at 25 ± 2°C, 65 ± 5% R.H. and 16:8 h (L.D.) photoperiod. A cotton swab soaked in 50% honey solution was kept in each cage as fly diet (Wäckers et al., 2008) . A total of three wheat plants infested with S. graminum were Fig. 1 Relative fitness of I. scutellaris and E. balteatus, under different temperature regimes, expressed in terms of egg incubation period (a) and pupation period (b) . The data points presented are means ± SEM. Different lowercase letters above each line demonstrate a significant difference among each data point, while an asterisk above a pair of data points presents a significant difference among two predator species (P < 0.05) Faheem et al. Egyptian Journal of Biological Pest Control (2019) 
Effect of temperatures on predator development and fitness
To evaluate the fitness of the predatory species under different temperatures, the developmental time for immature stages of both predatory species was estimated at 23, 27, and 33°C. Fertilized eggs and pupae (n = 10) of both the I. scutellaris and E. balteatus were obtained from the stock cultures and kept individually in Petri dishes (9.6 cm Ø) at pre-set temperatures, 65 ± 1% R.H. and 16:8 h (L.D.) photoperiod. This experiment was replicated three times, and data regarding egg incubation and pupation periods were recorded at an interval of 12 h.
Comparative development of predator species
The data regarding egg incubation period, larval developmental time, pupation period, and adult (both male and female) lifespan were recorded at the interval of 12 h. The bioassay was started by freshly laid fertilized eggs (n = 50) of each predatory species (kept individually in Petri dishes) until adult emergence. The Petri dishes were kept individually in netted rearing cages (30 × 30 × 32 cm). The cages were provided by potted wheat plants having S. graminum infestation to ensure the presence of food of hatching larvae. The aphid numbers in each cage were replenished to maintain food supply for larval development. Once the adult flies emerged, a cotton swab with 50% honey solution was provided as adult diet.
Comparative predation rates
For predation rate of I. scutellaris and E. balteatus, a total of 100 larvae (50 larvae/species) was evaluated. All the 50 larvae were daily provided by 20, 50, and 100 individuals of aphid during their 1st, 2nd, and 3rd instars, respectively. The data for predation was recorded every 24 h. Petri dishes were cleaned daily by 70% ethanol. A control treatment was run in parallel, but without predators' larvae to account for the natural mortality of aphids (n = 100). The observed predation by syrphid larvae was corrected by subtracting the natural aphid mortality in the control treatment (Abbott, 1925) .
Data analysis
The data of developmental periods and prey-consumption rates were subjected to statistical analysis, using two-way analysis of variance (ANOVA). Prior to analysis of variance, Levene test of homogenety was applied to confirm whether data meets the assumption of equal variances (Levene 1960) . To compare the differences in developmental times between the predatory species, the data for each stage was compared, using student's t test with P = 0.05. Where the differences were significant, the means were subjected to Bonferroni post hoc pairwise comparison tests at P = 0.05 (Huck et al., 1974) . All data were analyzed using SPSS version 17.0 software (SPSS, 2008) .
Results and discussions
Effect of temperatures on predators' development and fitness
The egg incubation period was significantly affected by temperature in both I. scutellaris and E. balteatus species (F 2, 89 = 10.256; P < 0.001). The incubation period decreased with increasing temperature (Fig. 1a) . It did not differ significantly between the two species at the lowest temperature (23°C), but E. balteatus developed faster at the intermediate temperature (27°C), while I. scutellaris developed faster at the highest temperature (33°C) (Fig. 1a) . A maximum egg incubation period of (4.25 ± 0.09 and 4.50 ± 0.09) days was recorded at 23°C for I. scutellaris and E. balteatus, respectively, while the minimum periods were (2.37 ± 0.11 and 2.80 ± 0.11) days, at 33°C. Similar trend in the pupation periods for both species were observed, where I. scutellaris development was significantly faster than E. balteatus under different temperature regimes (F 1, 54 = 28.562; P < 0.001) (Fig. 1b) . Also, different temperatures alter the pupation periods of both species significantly (F 2, 54 = 45.068; P < 0.001). The shortest pupation period (5.70 ± 0.15 days) was observed for I. scutellaris at 33°C, while the longest (8.70 ± 0.26 days) was for E. balteatus at 23°C (Fig. 1b) . The population density of the predator is correlated with prey populations (Haenke et al., 2009; Singh and Singh, 2013) as well as to the abiotic conditions including temperature, relative humidity, rainfall, and wind speed in the ecosystem (Kalita and Singh, 2012) . The developmental times of both species were greatly reduced at 33°C. The predator released at a higher or a lower temperature than the average may lead to the quick or slow development, respectively, without synchronizing with aphid population build-up. Hence, releasing the natural enemies at an optimum time is a requisite for biocontrol success in the field. Our results support this hypothesis where the intermediate temperature (27°C) was the optimum for optimum development of biological control to maximize their chances to sync with aphid population upon release. A considerable number of earlier studies have reported the dependence of syrphid predator success on temperatures (Ankersmit et al., 1986; Tenhumberg, 1995b; Bianchi et al., 2006) .
Comparative development and predation rates
Concerning larval and adult durations, insignificant difference between I. scutellaris and E. balteatus was recorded (F 1, 146 = 1.433; P = 0.23) and (F 1, 36 = 0.266; P = 0.61), respectively. But the females of E. balteatus lived significantly Fig. 4 Prey-consumption rate of I. scutellaris and E. balteatus at different larval instars (a) and daily consumption of aphids by syrphid larvae (b). The bars are means ± SEM, and the different lowercase letters above each bar demonstrate a significant difference within, while an asterisk above a pair of the bars and data points represents a significant difference between two predator species (P < 0.05)
longer than that of I. scutellaris (F 1, 146 = 1.433; P = 0.23). However, duration of different larval instars and adult lifespan of male and female flies of each species differed significantly (F 2, 146 = 189.399; P < 0.001) and (F 2, 36 = 23.527; P < 0.001), respectively (Fig. 2) . The 3rd instar larvae of both I. scutellaris and E. balteatus lasted a maximum time (4.70 ± 0.08 and 4.45 ± 0.09 days, respectively), followed by the 2nd instar (3.54 ± 0.10 and 3.53 ± 0.18 days, respectively) and then 1st instar larvae (2.67 ± 0.11 and 2.63 ± 0.11 days, respectively) (Fig. 2a) . In general, the female flies lived 30% longer than that of males (Fig. 2b) . The developmental periods expressed as egg, larval, and adult durations exhibited insignificant differences between I. scutellaris and E. balteatus (t = 1.912; d.f. = 32; P = 0.07), (t = 1.078; d.f. = 36; P = 0.29), and (t = 0.458; d.f. = 18; P = 0.65) (Fig. 3) . Only the pupation period was found significantly different between both predatory species (t = 5.166; d.f. = 18; P < 0.001), where the pupae of I. scutellaris completed its stage earlier than that of E. balteatus (Fig. 3) . The predation rates expressed in terms of percentage of prey consumption was significantly different between both predatory species and their larval instars (F 1, 146 = 9.669; P < 0.001 and F 1, 146 = 88.624; P < 0.001, respectively) (Fig. 4a) . The 1st and 3rd instar larvae of I. scutellaris had significantly higher predatory potentials (62.83 ± 1.32 and 81.05 ± 1.36%, respectively) than same stage larvae of E. balteatus (58.86 ± 1.66 and 76.12 ± 1.35%, respectively) (Fig. 4) , while the 2nd instar larvae of both species did not differ significantly from each other in terms of their predatory potentials (70.85 ± 0.85 and 69.51 ± 0.10%, respectively) (Fig. 4a) . The highest predation rates were clearly observed in the 3rd instar of both predator species (Fig. 4a) .
The data regarding total predation by larvae (cumulative of all instars) revealed that I. scutellaris larvae consumed significantly higher numbers of aphids as compared to that of E. balteatus (i.e., 438.16 ± 10.76 and 398.37 ± 9.45 aphids) (F 1, 36 = 7.715; P = 0.009). The larvae of both species had similar voracity until 10 days after hatching (Fig. 4b) , while the older larvae (3rd instar) of I. scutellaris consumed higher numbers of aphids per day as compared with E. balteatus (Fig. 4b) . In general, the predation rates on daily basis increased with each successive instar but near the time of molt, this predation declined (Fig. 5a-c) . Obtained results demonstrated that the predation rate of both species increased with each successive instar, and they had consumed a total of 30-33 aphids during 1st instar, 110-120 aphids during 2nd instar, and 253-278 aphids during their 3rd instar. The average daily aphid intake was recorded to be increased up to 90% on the 11th day of larval stage (i.e., 4th day since the 2nd molt) (Fig. 5c) .
The results have strongly suggested the voracious nature of 3rd instar larvae, and the release of 3rd instar larvae can be a highly efficient approach. The findings are in accordance with the earlier reports suggesting the highest prey-consumption rates of syrphid flies in their 3rd instars (Völkl et al., 2007 and Singh, 2013) . Since both predatory species were found equally efficient against aphids, the use of their mixed cultures for aphid biological control in wheat needs to be studied.
The success of a biological control agents in the field depends upon the reproductive success of the females (Lundgren et al., 2008) and the developmental time of females and their physiological fitness that leads towards greater ovipositional potential (Arnqvist and Nilsson, 2000) . In addition, the females of both I. scutellaris and E. balteatus had significantly higher lifespan compared to the males, while the females of E. balteatus had significantly longer lifespan than I. scutellaris, suggesting the competitive advantage to the former species.
Conclusion
Being eco-friendly approach, using syrphid flies as the biological control agents against wheat aphid may provide a complementary management method to minimize chemical control. Further research can be helpful in assessing competitive synergies of using both predatory species together in the field, as well as, refining the methods for field release and augmentation.
